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(54) PIEZOELECTRIC THIN FILM ELEMENT 

(57)Abstract: 

PURPOSE: To improve piezoelectric characteristic, 
ferrodielectric characteristic and pyroelectric 
characteristic by using a PZT thin film having optimum 
crystal line orientation property and composition. 
CONSTITUTION: A titanate zirconate (PZT) film 105 
whose chemical formula is Pb1+y(ZrXTi1-X)03+Y, 
composition rate is in the range of O<X<0.55 and 0<Y<0.5 
and crystal structure is rhombohedron system is formed 
on a substrate 101 wherein a <111> orientation metallic 
film 104 is formed. A <1 1 1 > orientation degree of the PZT 
film 105 to a main surface vertical direction of the 
substrate 101 is 70% or more. Otherwise, a PZT film 105 
whose chemical formula is Pb1+Y(ZrXTi1-X)03+Y, 
composition rate is in the range of 0.55<X<1 and 0<Y<0.5 
and crystal structure is tetragonal system is orientated on 
the substrate 101 wherein the <100> orientation metallic 
film 104 is formed. A <001> orientation degree of the PZT 
film 105 to a main surface vertical direction of the 
substrate 101 is 70% or more. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The piezo electric crystal thin film which a presentation ratio has a chemical formula by 
Pb1+Y(ZrXTi1-X) 03+Y on the substrate with which the metal membrane was formed in the range 
of 0<=X<0.55 and 0<=Y<=0.5, and a crystal structure is the titanic-acid lead zirconate film of a 
rhombohedral system, and is characterized by the <1 1 1> amounts of preferred orientation of said 
titanic-acid lead zirconate film being 70% or more to the principal plane perpendicular direction of 
said substrate. 

[Claim 2] The piezo electric crystal thin film according to claim 1 which a metal membrane is 
platinum (Pt), gold (Au), or film that uses Pt or Au as a principal component, and is characterized 
by being <1 1 1> orientation film to the principal plane perpendicular direction of said substrate. 
[Claim 3] The piezo electric crystal thin film which a presentation ratio has a chemical formula by 
Pb1+Y(ZrXTi1-X) 03+Y on the substrate with which the metal membrane was formed in the range 
of 0.55<=X<1 and 0<=Y<=0.5, and a crystal structure is the titanic-acid lead zirconate film of 
tetragonal system, and is characterized by the <001> amounts of preferred orientation of said 
titanic-acid lead zirconate film being 70% or more to the principal plane perpendicular direction of 
said substrate. 

[Claim 4] The piezo electric crystal thin film according to claim 3 which a metal membrane is 
platinum (Pt), gold (Au), or film that uses Pt or Au as a principal component, and is characterized 
by being <100> orientation film to the principal plane perpendicular direction of said substrate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the ferroelectric thin-film device used for 
piezoelectric devices, such as a thin film piezoelectric transducer and a fluid injector, a 
semiconductor memory, a pyroelectric infrared detector, etc. 
[0002] 

[Description of the Prior Art] As for the conventional technique in connection with this invention, 
JP,62-252005,A is indicated. 

[0003] According to said conventional technique, when a chemical formula is Pb1+Y(ZrXTi1 — X) 
03+Y, the presentation ratio is limited to the range of 0<=X<0.55 and Y= 0, and in the titanic-acid 
lead zirconate (PZT) of the polycrystalline substance of bulk, the crystal structure was limited to 
stoichiometric composition of tetragonal system. 

[0004] Furthermore, Zr presentation ratio X is restricted to the range of 0 to 0.55, and 75% or more 
of the spontaneous polarization of the domain in the crystal grain of PZT had turned to the one 
direction. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the trouble shown below exists in the 
ferroelectric thin film using said conventional technique. 

[0006] Since Pb presentation ratios of PZT are Pb/(Zr+Ti) =1 and stoichiometric composition, the 
manufacture approach is difficult. 

[0007] Especially the thing that in the case of the compound containing Pb it is the form of PbO, is 
easy to escape from Pb at the time of high temperature processing at the time of membrane 
formation of baking, sintering, or a spatter, and is controlled to stoichiometric composition at it is 
dramatically difficult. 

[0008] Furthermore, in almost all piezoelectric devices, a semiconductor memory, and a 
pyroelectric infrared-detector component, since carrying out polarization processing after 
membrane formation is allowed, Zr presentation ratio X does not need to be restricted to the range 
of 0<=X<0.55. 

[0009] Then, the place which this invention solves such a technical problem and is made into the 
object is improving a piezo-electric property, a ferroelectric property, and a pyroelectric property 
using a PZT thin film with the optimal crystal stacking tendency and the optimal presentation. 
[0010] 

[Means for Solving the Problem] In order to solve the above— mentioned trouble, the piezo electric 
crystal thin film of (1) this invention A chemical formula on the substrate with which the metal 
membrane was formed by Pb1+Y(ZrXTi1-X) 03+Y A presentation ratio is in the range of 0<=X<0.55 
and 0<=Y<=0.5, and a crystal structure is the titanic-acid lead zirconate film of a rhombohedral 
system, and it is characterized by the <1 1 1> amounts of preferred orientation of said titanic-acid 
lead zirconate film being 70% or more to the principal plane perpendicular direction of said 
substrate. 

[0011] (2) It is still more desirable for the above-mentioned metal membrane to be platinum (Pt), 
gold (Au), or film that uses Pt or Au as a principal component, and to be <1 1 1> orientation film to 



the principal plane perpendicular direction of said substrate. 

[0012] Or on the substrate with which the metal membrane was formed, a chemical formula is 
Pb1+Y(ZrXTi1-X) 03+Y, and the piezo electric crystal thin film of (3) this inventions has a 
presentation ratio in the range of 0.55<=X<1 and 0<=Y<=0.5, and a crystal structure is the titanic- 
acid lead zirconate film of tetragonal system, and it is characterized by the <001> amounts of 
preferred orientation of said titanic-acid lead zirconate film being 70% or more to the principal 
plane perpendicular direction of said substrate. 

[0013] (4) It is still more desirable for the above-mentioned metal membrane to be platinum (Pt), 
gold (Au), or film that uses Pt or Au as a principal component, and to be <100> orientation film to 
the principal plane perpendicular direction of said substrate. 
[0014] 

[Example] (Example 1) The example of this invention is hereafter explained based on a drawing. 
[0015] Drawing 1 is the sectional view of the thin film piezoelectric transducer which is the 1st 
example of the ferroelectric thin film created according to this invention. 
[0016] (100) Oxidize thermally to the field single crystal Si substrate 101, and form Si02 1- 
micrometer film 102 in it. 

[0017] On said Si02 film 102, the Pt lower electrode 104 of the Ti layer 103 of thickness 50A and 
thickness 3000A was formed by DC sputtering. 

[0018] The spatter was performed at Ar ambient atmosphere and the substrate temperature of 200 
degrees C. 

[0019] The Pt lower electrode 104 is carried out <111> orientation to the principal plane 
perpendicular direction of the Si substrate 101. 

[0020] Next, the PZT film 105 was formed by 2 micrometers and the RF spatter. 

[0021] The spatter was performed at Ar, 02 ambient atmosphere, and the substrate temperature 

of 200 degrees C. 

[0022] Pb1+Y(ZrXTi1-X) 03+Y was used for the sputtering target. 
[0023] Here, it is Y= 0.3 and X= 0.5. 

[0024] Subsequently, in order to obtain PZT of the perovskite crystal structure, heat treatment 

was performed at 600 degrees C among 02 ambient atmosphere for 3 hours. 

[0025] Subsequently, the sequential vacuum evaporation© of the Ti layer 106 of thickness 100A 

and the Au electrode 107 of thickness 2000A was carried out on the PZT film, opening 108 was 

formed in the last until it resulted in the single crystal Si substrate 101 in the lower part of the 

PZT film 105 at Si02 film 102, and the ferroelectric thin film was created. 

[0026] The X diffraction pattern of a typical PZT thin film is shown in drawing 2 . 

[0027] Except the reflective peak of Si substrate, and the reflective peak of Pt lower electrode, it 

is the reflective peak of PZT of a perovskite structure. 

[0028] 0.05 and Zr presentation ratio X of the superfluous lead presentation ratio Y of this example 
shown in drawing 2 were 0.50, and the <1 1 1> amounts of preferred orientation were 80%. 
[0029] Here, the <1 1 1> amount of preferred orientation P (1 1 1) is expressed with P(1 1 1) =1 
(111)/sigmal (hkl). 

[0030] sigmal (hkl) — an X diffraction (XRD) — it is the angle-of-elevation reflection method of 
law, and 2theta when using CuK alpha rays for wavelength expresses the sum of the total 
diffraction reinforcement of PZT which is 20 - 80 degrees. 

[0031] Specifically, it is total of (100), (110), (111), (210), (211), (221), and crystal-face (310) 
reflectivity. 

[0032] Similarly I (1 1 1) expresses the crystal-face (111) reflectivity of PZT. 

[0033] Drawing 3 shows the Zr presentation ratio X dependency of the piezoelectric constant d31 
of the PZT thin film of 2 micrometers of thickness which carried out orientation in the <1 1 1> 
directions 100% from 70. 

[0034] The overPbO presentation ratio Y is 0.05. 

[0035] The piezoelectric constant of bulk PZT was also shown for the comparison in drawing 3 . 
[0036] As shown in drawing 3 , in all presentation range, the piezoelectric constant of the PZT thin 
film carried out 70 to 100% <1 1 1> orientation [ piezoelectric constant / of PZT of bulk ] showed 
the big value. 



[0037] Especially, Zr presentation ratio X showed the large value by leaps and bounds in the range 
of 0 to 0.55 as compared with bulk PZT. 

[0038] It is thought that it is because it becomes a rhombohedral system in the case of an 
orientation thin film to the crystal structure of bulk PZT being this presentation range, and there 
being this with tetragonal system. 

[0039] That is, although a piezoelectric constant becomes large so that the presentation ratio X is 
[ the range X of the rhombohedral system presentation of bulk PZT, i.e., Zr presentation ratio, ] 
small in 0.55 to 1, it will be because X has reached to the range of 0 to 0.55 further in the case of 
the thin film. 

[0040] The overPbO presentation ratio Y dependency of the piezoelectric constant d31 at the time 
of fixing to Zr presentation ratio X= 0.45 is shown in drawing 4 . 

[0041] The thickness of a PZT thin film is the same and 2 micrometers and the <1 11> amounts of 
preferred orientation are 70 to 1 00%. 

[0042] As shown in drawin g 4 , the piezoelectric constant d31 is greatly dependent on the 
superfluous part Y of PbO, if Y is smaller than 0, will fall rapidly and will fall from Y= 0.5 to the bulk 
PZT average in size. 

[0043] As a reason a piezoelectric constant 31 will become small if Y becomes larger than 0.5, it 
turned out that it is the deposit of PbO to a grain boundary. 

[0044] Therefore, as for the range of Y, it is desirable that it is [ or more 0 ] 0.5 or less. 
[0045] Although explained in the example 1, using the <11 1> orientation Ptasa lower electrode, 
other metal membranes are [ that the <1 1 1> amounts of preferred orientation of a PZT thin film 
should just become 70% or more ] above sufficient as Au, Pt~Ir, Pt-Pd, Pt-nickel, Pt-Ti, etc. 
[0046] Furthermore, although the example 1 explained taking the case of the thin film piezoelectric 
transducer, it is obvious that it is applicable to a fluid injector, a semiconductor memory, a 
pyroelectric infrared detector, etc. as it is. 

[0047] (Example 2) The example of this invention is hereafter explained based on a drawing. 
[0048] Drawing 5 is the sectional view of the 2nd example of the ferroelectric thin film created 
according to this invention. 

[0049] (100) Form the Pt lower electrode 202 of <100> orientation in the field single crystal MgO 
substrate 201 to the direction of a principal plane of the MgO substrate 201 by the RF spatter. 
[0050] The spatter was performed at the substrate temperature of 200 degrees C among the 
ambient atmosphere of Ar/02=8/2. 

[0051] Next, the PZT film 203 was formed by 2 micrometers and the RF spatter. 

[0052] The spatter was performed at Ar, 02 ambient atmosphere, and the substrate temperature 

of 700 degrees C. 

[0053] Pb1+Y(ZrXTi1-X) 03+Y was used for the sputtering target. 
[0054] Here, it is Y= 0.5 and X= 0.6. 

[0055] By the elevated-temperature spatter, PZT of the perovskite crystal structure was able to 
be obtained by the AZU-spatter. 

[0056] Subsequently, the sequential vacuum evaporationo of the Ti layer 204 of thickness 100A 
and the Au electrode 205 of thickness 2000A was carried out on the PZT film, and the property 
was evaluated. 

[0057] The X diffraction pattern of a typical PZT thin film is shown in drawing 6 . 

[0058] Except the reflective peak of a MgO single crystal substrate, and the reflective peak of Pt 

electrode, it is the reflective peak of PZT of a perovskite structure. 

[0059] 0.10 and Zr presentation ratio X of the superfluous lead presentation ratio Y of this example 
shown in drawing 6 were 0.60, and the <001> amounts of preferred orientation were 98%. 
[0060] Here, the <001> amount of preferred orientation P (001) is expressed with P(001) =[ 
(001)/sigmal (hkl). 

[0061] Drawing 7 shows the Zr presentation ratio X dependency of the specific inductive capacity 
epsilon of the PZT thin film of 2 micrometers of thickness which carried out orientation in the 
<001> directions 100% from 70. 

[0062] The specific inductive capacity epsilon shown here is the specific inductive capacity of the 
direction of thickness after carrying out polarization processing in the direction of thickness. 



[0063] The overPbO presentation ratio Y is 0.10. 

[0064] The specific inductive capacity epsilon of bulk PZT was shown for the comparison in 
drawing 7 . 

[0065] As shown in drawing 7 , in all presentation range, the specific inductive capacity epsilon of 
the PZT thin film carried out 70 to 100% <001> orientation [ specific inductive capacity / epsilon / 
of PZT of bulk ] showed the big value. 

[0066] Especially, Zr presentation ratio X showed the large value by leaps and bounds in the range 
of 0.55 to 1 as compared with bulk PZT. 

[0067] It is thought that it is because it becomes tetragonal system in the case of an orientation 
thin film to the crystal structure of bulk PZT being this presentation range, and there being this 
with a rhombohedral system. 

[0068] That is, although specific inductive capacity becomes large so that the presentation ratio X 
is [ the range X of the tetragonal-system presentation of bulk PZT, i.e., Zr presentation ratio, ] 
large in 0 to 0.55, it will be because X has reached to the range of 0.55 to 1 further in the case of 
the thin film. 

[0069] The overPbO presentation ratio Y dependency of the specific inductive capacity epsilon at 
the time of fixing to drawing 8 at Zr presentation ratio X= 0.60 is shown. 

[0070] The thickness of a PZT thin film is the same and 2 micrometers and the <001> amounts of 
preferred orientation are 95 to 100%. 

[0071] The specific inductive capacity of bulk PZT is also shown for a comparison. 
[0072] As shown in drawing 8 , it is greatly dependent on the superfluous part Y of PbO, and if 
specific inductive capacity epsilon has Y smaller than 0, it will fall rapidly and will fall from Y= 0.5 to 
the bulk PZT average or less than [ it ] in size. 

[0073] Therefore, as for the range of Y, it is desirable that it is [ or more 0 ] 0.5 or less. 
[0074] Although explained in the example 2, using the <100> orientation Pt as a lower electrode, 
other metal membranes are [ that the <001> amounts of preferred orientation of a PZT thin film 
should just become 70% or more ] above sufficient as Au, Pt-[r, Pt-Pd, Pt-nickel, Pt-Ti, etc. 
[0075] Above, although explained as a piezoelectric film in the above-mentioned examples 1 and 2 
using the PZT thin film of a pure presentation, even if some impurity is mixed, of course, it does 
not interfere. 

[0076] As an impurity, it is possible for there to be Nb, La, Ta, Nd, W, Mo, Mn, Ba, Sr, calcium, Bi, 

etc., and to add less than [15 mol % ] as what generally improves piezoelectric. 

[0077] 

[Effect of the Invention] As stated above, the piezo electric crystal thin film of this invention has 
the following effectiveness. Since a piezo-electric property, a ferroelectric property, and a 
pyroelectric property can be improved by leaps and bounds as compared with PZT of bulk by using 
a PZT thin film with the optimal crystal stacking tendency and the optimal presentation, and it is a 
thin film further and can manufacture by the spatter, a chemical-vapor-deposition method, etc., 
creation is easy and it can apply to piezoelectric devices, such as a thin film piezoelectric 
transducer and a fluid injector, a semiconductor memory, a pyroelectric infrared detector, etc. 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to the ferroelectric thin-film device used for 
piezoelectric devices, such as a thin film piezoelectric transducer and a fluid injector, a 
semiconductor memory, a pyroelectric infrared detector, etc. 
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PRIOR ART 



[Description of the Prior Art] As for the conventional technique in connection with this invention, 
JP,62-252005,A is indicated. 

[0003] According to said conventional technique, when a chemical formula is Pb1+Y(ZrXTi1-X) 
03+Y, the presentation ratio is limited to the range of 0<=X<0.55 and Y= 0, and in the titanic-acid 
lead zirconate (PZT) of the polycrystalline substance of bulk, the crystal structure was limited to 
stoichiometric composition of tetragonal system. 

[0004] Furthermore, Zr presentation ratio X is restricted to the range of 0 to 0.55, and 75% or more 
of the spontaneous polarization of the domain in the crystal grain of PZT had turned to the one 
direction. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As stated above, the piezo electric crystal thin film of this invention has 
the following effectiveness. Since a piezo-electric property, a ferroelectric property, and a 
pyroelectric property can be improved by leaps and bounds as compared with PZT of bulk by using 
a PZT thin film with the optimal crystal stacking tendency and the optimal presentation, and it is a 
thin film further and can manufacture by the spatter, a chemical-vapor-deposition method, etc., 
creation is easy and it can apply to piezoelectric devices, such as a thin film piezoelectric 
transducer and a fluid injector, a semiconductor memory, a pyroelectric infrared detector, etc. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, the trouble shown below exists in the 
ferroelectric thin film using said conventional technique. 

[0006] Since Pb presentation ratios of PZT are Pb/(Zr+Ti) =1 and stoichiometric composition, the 
manufacture approach is difficult. 

[0007] Especially the thing that in the case of the compound containing Pb it is the form of PbO, is 
easy to escape from Pb at the time of high temperature processing at the time of membrane 
formation of baking, sintering, or a spatter, and is controlled to stoichiometric composition at it is 
dramatically difficult. 

[0008] Furthermore, in almost all piezoelectric devices, a semiconductor memory, and a 
pyroelectric infrared-detector component, since carrying out polarization processing after 
membrane formation is allowed, Zr presentation ratio X does not need to be restricted to the range 
of 0<=X<0.55. 

[0009] Then, the place which this invention solves such a technical problem and is made into the 
object is improving a piezo-electric property, a ferroelectric property, and a pyroelectric property 
using a PZT thin film with the optimal crystal stacking tendency and the optimal presentation. 
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MEANS 



[Means for Solving the Problem] In order to solve the above-mentioned trouble, the piezo electric 
crystal thin film of (1) this invention A chemical formula on the substrate with which the metal 
membrane was formed by Pb1+Y(ZrXTi1-X) 03+Y A presentation ratio is in the range of 0<=X<0.55 
and 0<=Y<=0.5, and a crystal structure is the titanic-acid lead zirconate film of a rhombohedral 
system, and it is characterized by the <1 1 1> amounts of preferred orientation of said titanic-acid 
lead zirconate film being 70% or more to the principal plane perpendicular direction of said 
substrate. 

[0011] (2) It is still more desirable for the above-mentioned metal membrane to be platinum (Pt), 
gold (Au), or film that uses Pt or Au as a principal component, and to be <1 1 1> orientation film to 
the principal plane perpendicular direction of said substrate. 

[0012] Or on the substrate with which the metal membrane was formed, a chemical formula is 
Pb1+Y(ZrXTi1-X) 03+Y, and the piezo electric crystal thin film of (3) this inventions has a 
presentation ratio in the range of 0.55<=X<1 and 0<=Y<=0.5, and a crystal structure is the titanic- 
acid lead zirconate film of tetragonal system, and it is characterized by the <001> amounts of 
preferred orientation of said titanic-acid lead zirconate film being 70% or more to the principal 
plane perpendicular direction of said substrate. 

[0013] (4) It is still more desirable for the above-mentioned metal membrane to be platinum (Pt), 
gold (Au), or film that uses Pt or Au as a principal component, and to be <100> orientation film to 
the principal plane perpendicular direction of said substrate. 
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EXAMPLE 



[Example] (Example 1) The example of this invention is hereafter explained based on a drawing. 
[0015] Drawing 1 is the sectional view of the thin film piezoelectric transducer which is the 1st 
example of the ferroelectric thin film created according to this invention. 
[0016] (100) Oxidize thermally to the field single crystal Si substrate 101, and form Si02 1- 
micrometer film 102 in it. 

[0017] On said Si02 film 102, the Pt lower electrode 104 of the Ti layer 103 of thickness 50A and 
thickness 3000A was formed by DC sputtering. 

[0018] The spatter was performed at Ar ambient atmosphere and the substrate temperature of 200 
degrees C. 

[0019] The Pt lower electrode 104 is carried out <111> orientation to the principal plane 
perpendicular direction of the Si substrate 101. 

[0020] Next, the PZT film 105 was formed by 2 micrometers and the RF spatter. 

[0021] The spatter was performed at Ar, 02 ambient atmosphere, and the substrate temperature 

of 200 degrees C. 

[0022] Pb1+Y(ZrXTi1-X) 03+Y was used for the sputtering target. 
[0023] Here, it is Y= 0.3 and X= 0.5. 

[0024] Subsequently, in order to obtain PZT of the perovskite crystal structure, heat treatment 

was performed at 600 degrees C among 02 ambient atmosphere for 3 hours. 

[0025] Subsequently, the sequential vacuum evaporation© of the Ti layer 106 of thickness 100A 

and the Au electrode 107 of thickness 2000A was carried out on the PZT film, opening 108 was 

formed in the last until it resulted in the single crystal Si substrate 101 in the lower part of the 

PZT film 105 at Si02 film 102, and the ferroelectric thin film was created. 

[0026] The X diffraction pattern of a typical PZT thin film is shown in drawing 2 . 

[0027] Except the reflective peak of Si substrate, and the reflective peak of Pt lower electrode, it 

is the reflective peak of PZT of a perovskite structure. 

[0028] 0.05 and Zr presentation ratio X of the superfluous lead presentation ratio Y of this example 
shown in drawing 2 were 0.50, and the <1 1 1> amounts of preferred orientation were 80%. 
[0029] Here, the <1 1 1> amount of preferred orientation P (1 1 1) is expressed with P(1 1 1) =1 
(110/sigmaI (hkl). 

[0030] sigmal (hkl) — an X diffraction (XRD) — it is the angle-of-elevation reflection method of 
law, and 2theta when using CuK alpha rays for wavelength expresses the sum of the total 
diffraction reinforcement of PZT which is 20 - 80 degrees. 

[0031] Specifically, it is total of (100), (110), (111), (210), (211), (221), and crystal^ace (310) 
reflectivity. 

[0032] Similarly I (1 1 1) expresses the crystal-face (111) reflectivity of PZT. 

[0033] Drawing 3 shows the Zr presentation ratio X-dependency of the piezoelectric constant d31 
of the PZT thin film of 2 micrometers of thickness which carried out orientation in the <111> 
directions 100% from 70. 

[0034] The overPbO presentation ratio Y is 0.05. 

[0035] The piezoelectric constant of bulk PZT was also shown for the comparison in drawing 3 . 
[0036] As shown in drawing 3 , in all presentation range, the piezoelectric constant of the PZT thin 



film carried out 70 to 100% <1 1 1> orientation [ piezoelectric constant / of PZT of bulk ] showed 
the big value. 

[0037] Especially, Zr presentation ratio X showed the large value by leaps and bounds in the range 
of 0 to 0.55 as compared with bulk PZT. 

[0038] It is thought that it is because it becomes a rhombohedral system in the case of an 
orientation thin film to the crystal structure of bulk PZT being this presentation range, and there 
being this with tetragonal system. 

[0039] That is, although a piezoelectric constant becomes large so that the presentation ratio X is 
[ the range X of the rhombohedral system presentation of bulk PZT, i.e., Zr presentation ratio, ] 
small in 0.55 to 1, it will be because X has reached to the range of 0 to 0.55 further in the case of 
the thin film. 

[0040] The overPbO presentation ratio Y dependency of the piezoelectric constant d31 at the time 
of fixing to Zr presentation ratio X= 0.45 is shown in drawing 4 . 

[0041] The thickness of a PZT thin film is the same and 2 micrometers and the <1 1 1> amounts of 
preferred orientation are 70 to 100%. 

[0042] As shown in drawing 4 , the piezoelectric constant d31 is greatly dependent on the 
superfluous part Y of PbO, if Y is smaller than 0, will fall rapidly and will fall from Y= 0.5 to the bulk 
PZT average in size. 

[0043] As a reason a piezoelectric constant 31 will become small if Y becomes larger than 0.5, it 
turned out that it is the deposit of PbO to a grain boundary. 

[0044] Therefore, as for the range of Y, it is desirable that it is [ or more 0 ] 0.5 or less. 
[0045] Although explained in the example 1, using the <11 1> orientation Pt as a lower electrode, 
other metal membranes are [ that the <1 1 1> amounts of preferred orientation of a PZT thin film 
should just become 70% or more ] above sufficient as Au, Pt-Ir, Pt-Pd, Pt-nickel, Pt-Ti, etc. 
[0046] Furthermore, although the example 1 explained taking the case of the thin film piezoelectric 
transducer, it is obvious that it is applicable to a fluid injector, a semiconductor memory, a 
pyroelectric infrared detector, etc. as it is. 

[0047] (Example 2) The example of this invention is hereafter explained based on a drawing. 
[0048] Drawing 5 is the sectional view of the 2nd example of the ferroelectric thin film created 
according to this invention. 

[0049] (100) Form the Pt lower electrode 202 of <100> orientation in the field single crystal MgO 
substrate 201 to the direction of a principal plane of the MgO substrate 201 by the RF spatter. 
[0050] The spatter was performed at the substrate temperature of 200 degrees C among the 
ambient atmosphere of Ar/02=8/2. 

[0051] Next, the PZT film 203 was formed by 2 micrometers and the RF spatter. 

[0052] The spatter was performed at Ar, 02 ambient atmosphere, and the substrate temperature 

of 700 degrees C. 

[0053] Pb1+Y(ZrXTi1-X) 03+Y was used for the sputtering target. 
[0054] Here, it is Y= 0.5 and X= 0.6. 

[0055] By the elevated-temperature spatter, PZT of the perovskite crystal structure was able to 
be obtained by the AZU-spatter. 

[0056] Subsequently, the sequential vacuum evaporationo of the Ti layer 204 of thickness 100A 
and the Au electrode 205 of thickness 2000A was carried out on the PZT film, and the property 
was evaluated. 

[0057] The X diffraction pattern of a typical PZT thin film is shown in drawing 6 . 

[0058] Except the reflective peak of a MgO single crystal substrate, and the reflective peak of Pt 

electrode, it is the reflective peak of PZT of a perovskite structure. 

[0059] 0.10 and Zr presentation ratio X of the superfluous lead presentation ratio Y of this example 
shown in drawing 6 were 0.60, and the <001> amounts of preferred orientation were 98%. 
[0060] Here, the <001> amount of preferred orientation P (001) is expressed with P(001) =1 
(OOD/sigmal (hkl). 

[0061] Drawing 7 shows the Zr presentation ratio X dependency of the specific inductive capacity 
epsilon of the PZT thin film of 2 micrometers of thickness which carried out orientation in the 
<001> directions 100% from 70. 



[0062] The specific inductive capacity epsilon shown here is the specific inductive capacity of the 
direction of thickness after carrying out polarization processing in the direction of thickness. 
[0063] The overPbO presentation ratio Y is 0.10. 

[0064] The specific inductive capacity epsilon of bulk PZT was shown for the comparison in 
drawing 7 . 

[0065] As shown in drawing 7 , in all presentation range, the specific inductive capacity epsilon of 
the PZT thin film carried out 70 to 100% <001> orientation [ specific inductive capacity / epsilon / 
of PZT of bulk ] showed the big value. 

[0066] Especially, Zr presentation ratio X showed the large value by leaps and bounds in the range 
of 0.55 to 1 as compared with bulk PZT. 

[0067] It is thought that it is because it becomes tetragonal system in the case of an orientation 
thin film to the crystal structure of bulk PZT being this presentation range, and there being this 
with a rhombohedral system. 

[0068] That is, although specific inductive capacity becomes large so that the presentation ratio X 
is [ the range X of the tetragonal-system presentation of bulk PZT, i.e., Zr presentation ratio, ] 
large in 0 to 0.55, it will be because X has reached to the range of 0.55 to 1 further in the case of 
the thin film. 

[0069] The overPbO presentation ratio Y dependency of the specific inductive capacity epsilon at 
the time of fixing to drawing 8 at Zr presentation ratio X= 0.60 is shown. 

[0070] The thickness of a PZT thin film is the same and 2 micrometers and the <001> amounts of 
preferred orientation are 95 to 100%. 

[0071] The specific inductive capacity of bulk PZT is also shown for a comparison. 
[0072] As shown in drawing 8 , it is greatly dependent on the superfluous part Y of PbO, and if 
specific inductive capacity epsilon has Y smaller than 0, it will fall rapidly and will fall from Y= 0.5 to 
the bulk PZT average or less than [ it ] in size. 

[0073] Therefore, as for the range of Y, it is desirable that it is [ or more 0 ] 0.5 or less. 
[0074] Although explained in the example 2 t using the <100> orientation Pt as a lower electrode, 
other metal membranes are [ that the <001> amounts of preferred orientation of a PZT thin film 
should just become 70% or more ] above sufficient as Au, Pt~Ir, Pt~Pd, Pt-nickel, Pt-Ti, etc. 
[0075] Above, although explained as a piezoelectric film in the above-mentioned examples 1 and 2 
using the PZT thin film of a pure presentation, even if some impurity is mixed, of course, it does 
not interfere. 

[0076] As an impurity, it is possible for there to be Nb, La, Ta, Nd, W, Mo, Mn, Ba, Sr, calcium, Bi, 
etc., and to add less than [15 mol % ] as what generally improves piezoelectric. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the thin film piezoelectric transducer in the example of this 
invention. 

[Drawing 2] Drawing of the X diffraction pattern of the PZT thin film in the example of this 
invention. 

[Drawing 3] Drawing showing the Zr presentation ratio X dependency of the piezoelectric constant 
d31 of the example of this invention, and the conventional PZT thin film. 

[Drawing 4] Drawing showing the overPbO presentation ratio Y dependency of the piezoelectric 
constant d31 at the time of fixing to Zr presentation ratio X= 0.45 of the example of this invention, 
and the conventional PZT thin film. 

[Drawing 5] The sectional view of the ferroelectric thin film in the example of this invention. 
[Drawing 6] Drawing of the X diffraction pattern of the PZT thin film in the example of this 
invention. 

[Drawing 7] Drawing showing the Zr presentation ratio X dependency of the specific inductive 
capacity epsilon of the example of this invention, and the conventional PZT thin film. 
[Drawing 8] Drawing showing the overPbO presentation ratio Y dependency of the specific 
inductive capacity epsilon at the time of fixing to Zr presentation ratio X= 0.60 of the example of 
this invention, and the conventional PZT thin film. 
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[Procedure amendment] 

[Filing Date] June 6, Heisei 12 (2000. 6.6) 

[Procedure amendment 1] 

[Document to be Amended] Description 

Qtem(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] It is the piezo electric crystal thin film which possesses a titanic-acid lead zirconate thin 
film on the substrate with which the metal membrane was formed, 

The piezo electric crystal thin film whose crystal structure it is the range of 0<=X<0.55 and 
0<=Y<=0.5 > and is a rhombohedral system when the chemical formula of said titanic-acid lead 
zirconate thin film is expressed with Pb1+Y(ZrXTi1-X) 03+Y. 

[Claim 2] The piezo electric crystal thin film in which the diffraction reinforcement of {1 1 1} side 
bearing is carrying out orientation to 70% or more strongly in claim 1 among the diffraction 
reinforcement of said titanic-acid lead zirconate thin film of the direction of a principal plane of 
said substrate measured with the wide angle X-ray diffraction method. 

[Claim 3] It is the piezo electric crystal thin film which possesses a titanic-acid lead zirconate thin 
film on the substrate with which the metal membrane was formed, ■' t ■ 

The piezo electric crystal thin film whose crystal structure it is the range of 0.55<=X<1 and 
0<=Y<=0.5, and is tetragonal system when the chemical formula of said titanic-acid lead zirconate 



thin film is expressed with PbHY(ZrXTil-X) 03+Y. " 

[Claim 4] The piezo electric crystal thin film in which the diffraction reinforcement of {001} side 

h<»Arincr io n?\rr\j\ria nut nripntatinn fn 10% c\r mnrp Qt mncrlv/ in r.him .T Amnncr th^ rllffr^^tinn 




lane of • 

said substrate measured with the wide angle X-ray diffraction method. : -^^^^^fc ^ 




[Claim 6J It is the piezo electric crystal thin film said whose impurity is at least one sort of Nb, La, 
Ta, Nd, W, Mo, Mn, Ba, Sr, calcium, and Bi in claim 5. 

[Claim 7] The piezo electric crystal thin film which sets they to be [ any of claims 1-6'], and is 
characterized by a metal membrane being in any of platinum, gold, a platiniridium, platinum 
palladium, platinum nickel, and platinum titanium, 

[Claim 8] The fluid injector characterized by providing which piezo electric crystal thin film of 
claims 1-7. 

[Procedure amendment 2] 
[Document to be Amended] Description 
Dtem(s) to be Amended] 0009 



111 



ill:: 



[Method of Amendment] Modification 
[Proposed Amendment] 

[0009] Then, this invention solves such a technical problem and a piezo-electric property, a 
ferroelectric property, and a pyroelectric property aim at offering a good piezo electric crystal thin 
film. 

[Procedure amendment 3] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0010 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0010] 

[Means for Solving the Problem] Piezo electric crystal thin film of this invention It is the piezo 
electric crystal thin film which possesses a titanic-acid lead zirconate thin film on the substrate 
with which the metal membrane was formed. When the chemical formula of said titanic-acid lead 
zirconate thin film is expressed with Pb1+Y(ZrXTi 1 -X) 03+Y, It is characterized by being the range 
of 0<~X<0.55 and 0<=Y<=0.5, and the crystal structure being a rhombohedral system, and sets 
above. Diffraction reinforcement of {1 1 1} side bearing is characterized by carrying out orientation 
to 70% or more strongly among the diffraction reinforcement of said titanic-acid lead zirconate thin 
film of the direction of a principal plane of said substrate measured with the wide angle X-ray 
diffraction method. Moreover, it is the piezo electric crystal thin film which possesses a titanic- 
acid lead zirconate thin film on the substrate with which the metal membrane was formed. It is 
characterized by being the range of 0.55<=X<1 and 0<=Y<=0.5, and the crystal structure being 
tetragonal system, when the chemical formula of said titanic-acid lead zirconate thin film is 
expressed with Pb1+Y(ZrXTi1 -X) 03+Y, and sets above. Diffraction reinforcement of {001} side 
bearing is characterized by carrying out orientation to 70% or more strongly among the diffraction 
reinforcement of said titanic-acid lead zirconate thin film of the direction of a principal plane of 
said substrate measured with the wide angle X-ray diffraction method. Moreover, in the above, said 
titanic-acid lead zirconate thin film carries out the description of containing the impurity not more 
than 15 mol %. Moreover, in the above, said impurity is characterized by being at least one sort of \ 
Nb, La, Ta, Nd, W, Mo, Mn, Ba, Sr, calcium, and Bi. Moreover, in the above, it is characterized by a \ 
metal membrane being in any of platinum, gold, a platiniridium, platinum palladium, platinum nickel, 
and platinum titanium. The fluid injector of this invention is characterized by providing the above- \ 
mentioned piezo electric cn/stal thin film. 
[Procedure amendment 4] 
[Document to be Amended] Description 
[Item(sXto be Amended] 0011 

- • „ 

[Method of Amendment] Deletion * / - V , / < 



[Procedure amendment 5] 

[Document to be Amended] Description •' 
Dtem(s) to be Amended] 001 2 

[Method of Amendment] Deletion : N; 

[Procedure amendment 6] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0013 

[Method of Amendment] Deletion • ' ' k : ) v 

[Procedure amendment 7] . '-IIH^ 
[Document to be Amended] Description 
[ttem(s) to be Amended] 0077 
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[Proposed Amendment] 



111 



[0077] 

[Effect of the Invention] According to the piezo electric crystal thin film of this invention the above 
passage, as compared with PZT of bulk, a piezo-electric property, strong dielectric characteristics, 
and a pyroelectric property can be raised by leaps and bounds. Moreover, since it is a thin film, it 
can manufacture easily with a spatter, a chemistry gaseous layer grown method, etc. Moreover, it j 
is applicable to piezoelectric devices, such as a thin film piezoelectric transducer and a fluid 
injector, a semiconductor memory, a pyroelectric infrared detector, etc. 
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